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Abstract 
The previous radon migration experimental research object is for the most of radon gas in underground migration or 
the migration of air interface. By using the method of active carbon accumulated measuring radon, this thesis adjusts 
air pressure to study the migration regularity of radon. The paper measures the concentration distributions of radon in 
airtight vertical glass tube under the same temperature, humidity, different cumulative times and different pressure in 
vacuum (respectively for -0.06MPa, -0.05MPa, -0.04MPa, atmospheric conditions).Basing on the migration 
equations of radon gas in the air and the concentration distribution of radon under different gas pressure, the paper 
estimates the average speed of radon gas under different pressures. Through series experiments, following 
conclusions can be obtained: the migration velocity of radon in the air is related with the air pressure: with greater air 
pressure, the conveyance speed is faster. Especially at low-pressure state the downward migration is more apparent. 
The average speed of radon in different pressures cases are estimated that compliance of the calculation results and 
the actual measurement was good results. 
© 20xx The Authors. Published by Elsevier Ltd.  
Selection and/or peer-review under responsibility of Institute of Nuclear and New Energy Technology, 
Tsinghua University 
Keywords: Migration; Active carbon radon measurement technique; Diffusion; average velocity. 
1. Introduction 
222Rn, decay product of 226Ra in the 238U chain, is a radioactive gas with a half-life of 3.8 days, which 
is ubiquitous in natural systems. the air and ground water more or less contain some radon. Radon is both 
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harmful and beneficial to human, so widespread interest in the radon study by people[1, 2]. Radon 
measurement often used to seek underground deposits, and to understand the geological structure of 
earthquake prediction, research volcanic eruption and fault activity[3-6]. 
On the migration of radon gas, a large number of theoretical studies and experimental measurements, 
but they are on the unground[7] and near-surface theory and experiment[8], has not been done experimental 
study of radon in the air under different pressure conditions. In this paper, Measurement of radon vertical 
spatial distribution of a variety of air pressure by experimental to research the migration regularity of the 
radon in the variety of air pressure. 
2. Measurement methods 
2.1. The basic principles of the activated charcoal measured radon 
Activated charcoal radon measurement method is a static, the cumulative of radon measurement 
methods, which has the advantages of high sensitivity, high precision, strong anti-jamming, probing 
depth[9]. Activated charcoal radon measurement method is still one of ideal for measuring radon at present. 
The mechanism of the activated charcoal radon measurement: the adsorption of gas (liquid) phase and 
solid phase material occurred in the solid interface. Activated charcoal is non-polar sorbent, radon is non-
polarity single-atom molecules. When these two substances molecules or atoms close to each other, 
because of the Power rotation and nuclear vibration, it occured the relative displacement between the 
electronic and nuclear generate instantaneous dipole. the repeated of this situation makes the molecular 
always existed between the dispersion force, activated carbon adsorption of radon is the dispersion forces 
play a major role. When radon migrate into the surface of activated carbon, Radon has been activated 
carbon adsorption rapidly, which resulting in lower radon concentration of the activated carbon around. 
because of the concentration difference, The high concentration of radon at the continuous migration to 
activated carbon until its radon adsorption capacity of the maximum, or around the radon concentration to 
reach equilibrium. 
Activated carbon adsorber gamma count with the radon concentration: The activated carbon radon 
adsorption capacity is a function of adsorption time, the radon concentration in a number of factors. When 
the adsorption time and other factors remain unchanged, the adsorber gamma counting only is the 
function of the radon concentration. 
2.2. Balance correction and attenuation correction of active carbon radon measurement technique 
The impact factor of activated charcoal measurement radon has two main aspects: first, in the process 
of radon accumulated impact of external conditions on the adsorption capacity of activated charcoal radon 
absorber; The second, we use the high-purity germanium radiation detector measuring 214Pb, 214Bi the 
352keV, 609keV net peak area[10]. 
Because of activated charcoal radon measurement time or other reasons, the measured value does not 
match with the actual situation, which requires correction of the measured data. There are two main 
amendment: 
Balance correction: Absorber placed in the gas not enough of the 222Rn the half-life (38.25d), so this 
paper does not consider. 
Attenuation correction: the 222Rn in the absorber reduced with the growth of the absorber set aside time, 
so the measurement data should be corrected. 
3. Experimental Design 
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In order to research the radon migration mechanism, the previous design had a lot of experiments, No 
one is to compare experiments where the environmental pressure of radon by regulating. This experiment 
adjusted the air pressure in the glass tube by a vacuum pump, vacuum gauge to study of radon migration 
under different gas pressure. 
3.1. Experimental device 
In this experiment, I fully take into account the previous contribution to the theory of radon migration, 
as designed the experimental setup on the basis of the radon radioactive characteristics. 
Pitchblende ore
Activated carbon 
 Vacuum Vacuum 
Figure 1 Experimental setup 
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3.2. Experimental procedures 
1. Activated carbon into the oven of about 120°C bake 7-8h, we take out the production of activated 
carbon adsorption, kept under seal; 
2. Randomly remove 10 activated carbon adsorption, using high-purity germanium detector we 
measures 214Pb the 352keV 214Bi the the 609keV net peak area, inspection and activated carbon 
adsorption of radon stability 
3. Using the radon exhalation rate measured radon concentration, we estimate the affect of 
experimental results. 
4. Activated carbon adsorption, pitchblende ore (radon source) is placed into a glass tube, using the 
vacuum pump to adjust the gas pressure in the glass tube to a degree of vacuum-0.06MPa.Close both ends 
of the valve, respectively, vertical standing for seven days, three days, one day. We take out use of high-
purity germanium detector measuring 214Pb, 214Bi net peak area. 
5. Repeat step 4, the degree of vacuum inside the glass tube down to-0.05MPa,-0.04MPa, vertical 
standing for 7 days. We take out the samples were high-purity germanium detector measuring 214 214Pb, Bi 
net peak area. 
6. Repeat step 4, the degree of vacuum inside the glass tube down to-0.06MPa, vertical standing for 3, 
2, 1 days. We take out the samples were high-purity germanium detector measuring 214 214Pb, Bi net peak 
area. 
7. The data are preliminary amendment and made the charts. 
Note: the vacuum relative degree of vacuum and pressure conversion: P = 1.01325 × 105 × (1 - 
vacuum / 0.1) Pa degree of vacuum-0.06MPa pressure of about 4.053 × 104Pa. 
4. Result and discussion 
4.1. Experimental data processing 
The radon exhalation rate instrument in Nuclear Instrument Factory was used to measure the 
background radon concentration in air. The measured laboratories radon concentration in the background 
is 16.53Bq/m3. In this study, activated carbon radon detection sensitivity of 6.6 Bq/m3, the measurement 
itself is done at low pressures, so we do not consider the impact of the air background to measurements. 
4.1.1 Activated charcoal radon measurement stability check 
Before the experiment, we check the radon measurement instrument stability of activated carbon radon 
measurement instruments, include: the low background high purity germanium gamma spectrometer 
stability check measurement, the measurement time for the 3600s. As shown in fig 2. 
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Figure 2  Activated carbon radon high-purity germanium  spectrometer stability data 
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The average of 609keV net peak area: 451.72, Standard deviation: 24.25. The average of 352keV net 
peak area: 22.36, Standard deviation: 24.25. 
4.1.2 In the vertical direction the experimental results of radon migration 
In the tube the radon released from the pitchblende gradual accumulation, decay and migration of 
different cumulative time under different pressures, the distribution of radon gas in the glass tube is not 
the same. The experimental device, radon gas were used in the experimental device different pressures 
accumulated seven days, respectively, measured on the activated carbon adsorption in the experimental 
device 222Rn daughter 214Pb, 214Bi of 352keV, 609keV net peak area changes. 
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Figure 3  Radon under different vacuum accumulated seven days measurement comparison chart (the 609keV of the 214Bi) 
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Figure 4  Radon under different vacuum accumulated seven days measurement comparison chart (352keVof the 214 Pb) 
As shown of Figure 3, Figure 4, we can draw the following conclusions: 
1. Under normal pressure, the overall radon migration direction is upward and has the maximum 
transport speed, the maximum peak position from the radon source 60cm, 40cm. Radon gas concentration 
change in the overall moderate of the line chart. 
2. When the pressure is -0.06MPa, the distance from the peak position to the radon source of 
approximately is 20cm. 
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3. Atmospheric pressure, degree of vacuum -0.04MPa, the degree of vacuum -0.05MPa, vacuum -
0.06MPa comparison of the four states, found that as the pressure increases, the peak from the radon 
source is farther and farther away, due to the cumulative time the pressure the greater the migration of 
radon, the faster. 
4. The 609keV peak of 214Bi and 352keVpeak of 214Pb change trend is same. 
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214Figure 5  Degree of vacuum-0.06MPa different cumulative time measurement results contrast (the 609keV of the Bi) 
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Figure 6  Degree of vacuum-0.06MPa different cumulative time measurement results contrast (352keVof the 214Pb) 
As shown of Figure 5, Figure 6, we can draw the following conclusions: 
1. Radon accumulation 3 days 2 days measurement results are basically the same trend, the cumulative 
1 day may be subject to statistical fluctuation greater impact 214Bi the 609keV trend is slightly different. 
2. The peak positions are concentrated to 40cm, -60cm.With the extension of the cumulative time, the 
peak position gradually increasing distance from the radon source. So that: the downward migration 
velocity is greater than the upward migration speed. May be due to temperature rise caused by radon gas 
migration and accumulation of 7 days has significantly accelerated. 
3. Because of the interval is too long from the accumulated 7 days of the four measrurements to 
accumulation of 3 days, 2 days, 1 days, and there is no thermostat so the average temperature difference 
of nearly 20 C. We can not compare the measurement data in the same chart sample. 
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Figure 7  Atmospheric  pressure, the cumulative time of 2 days 352keV peak, 609keV measurement results compared 
As shown of Figure 7, we can draw the following conclusions: 
609keV peak and 352keV peak trend consistent with the peak position in line with good. 
4.2. Radon in the air transport equations 
4.2.1 Radon in the air one-dimensional transport equations 
When the radon from the radon source of upward or downward migration of radon, the amount of 
change of radon per unit time in the dx layer determined by dx layer at the bottom and the top of the radon 
gas flow the difference, dx layer per unit time decay of radon gas[10]. 
Air
Pitchblende ore
 
Figure 8  The vertical direction of the radon migration schematic 
As shown of Figure 8, The relationship can be shown by equation (1): 
NSdxdQQQdxSN
dt
d )()(                                                                (1) 
In the equation: 
N is radon concentration of the dx layer 
X is the distance of the radon source side interface to the dx layer 
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Q is the inflow of radon gas flow through the dx layer of the underside; 
dQQ  is the outflow of radon gas flow through the top dx layer; 
S is the area of the dx layer; 
 is the decay constant of radon; 
 is the amount of radon in the dx layer. dxSN
The migration of radon gas in the vertical direction only to determine the diffusion motion and gravity 
are two ways, other migration methods are hypothetical, So V was set to the sum of gravitational settling 
velocity and other transport means velocity vector. Therefore, get the equation (2):
  
SVNS
dx
dNDQ                                                       (2) 
Differential on both ends of the formula (2), simplified to: 
NSdx
dx
dNSdx
dx
NdDdQ 2
2
                                                                (3) 
In the equation: 
D is the diffusion coefficient, a concentration gradient vector; 
V is the sum of gravitational settling velocity and other transport means velocity vector. 
dx
dNConcentration gradient 
 
points to the direction of density decrease with the increase of X, So to add 
the negative sign. The formula (3) into the formula (1) to get: 
NSdxdx
dx
dNVSSdx
dx
NdDdxSN
dt
d
2
2
)(                                            (4) 
N
dx
dNV
dx
NdD
dt
dN
2
2
                                                              (5) 
Formula (5) is the one-dimensional radon transport equation, in which the diffusion coefficient D, 
derived by the thermodynamic formula: 
3 3 3
2T3 2 21 4 2
3 3
TD
m p pm
                                                                     (6) 
In the equation: 
is the Boltzmann constant; 
m is the quality of radon atoms; 
p is the gas pressure; 
T is the thermodynamic temperature; 
is the collision cross section of the gas. 
Assume that the radon concentration in the dx layer stability over time, namely: 
0
dt
dN
                                                                                                             (7) 
So the formula (7) into the formula (6), we get: 
0
2
N
dx
dNV
dx
NdD                                                                                               (8) 
The general solution of equation (8) as follows: 
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                                                               (9) 
Among them, the N1, N2, is the integral constant, determined according to the different boundary 
conditions. 
4.2.2 Radon transport in the infinite space 
When radon migration distance in the air (only consider the vertical direction, h> 10m), boundary 
conditions: 
 x ,  0,0 NNx0N
According to condition , we get:  02N
According to condition , we get:  01 NN
It is obtained by the concentration of radon in the air with the radon source vertical distance for the X: 
x
DD
V
D
V
eNN
2
22
0
                                                                               (10) 
If you do not take into account other transport role, we consider only the diffusion, gravitational 
sedimentation, V = V weight, formula of X at the concentration of radon and radon source distance in the air 
as follows: 
2
2 2
0
V V x
D D D
N N e
                                                                              (11) 
If there is only diffusion, V=0, formula of X at the concentration of radon and radon source distance in 
the air as follows: 
x
DeNN 0
                                                                                     (12) 
Equation (13): if radon transport in the air for a long-distance, the concentration of radon in the air will 
decay exponentially. The formula (7) into equation (13), we get: 
3
2
3
2
0 0
p T m
x x
DN N e N e
                                                                (13) 
Simplified to: 
3 11
4 423
2
0
p T m
N N e
x                                                               (14)
 
If diffusion does not exist, D = 0, the formula (11) simplify to: 
0N
dx
dVV                                                                               (15) 
The radon concentration formula: 
x
VeNN 0
                                                                          (16) 
4.2.3 Average speed estimates of radon migration in the unlimited vertical space 
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Equation (14) shows that the role of diffusion in the migration of radon gas in an infinitely long space 
is very weak, experimental proof of this. Especially in the vertical direction, so when we discuss the 
average speed is no longer considering diffusive transport mode. 
Equation (16) can be deduced: 
0
ln Nx
NV
                                                                                (17) 
Among them, the , x, N and N0 available from the experimental measured, so we can calculate the 
average speed. To estimate the average speed up of radon gas at atmospheric pressure: the data in Figure 
3 x1 = 80cm, x2 = 60cm, N1 = 161.87, N2=244.22 into the formula (17) to obtain: 
1 1ln ln 0x NV
N                                                                       (18) 
2 2ln ln 0x NV
N                                                                      (19) 
Equation (18) minus (19), we get: 
1 2 1ln ln 2x x NV
N                                                               (20) 
Solving equations to obtain: 
-61.02 10 /V m s  
Under normal pressure, radon gas migrates downward the average velocity: 
-62.08 10 /V m s  
The degree of vacuum-0.06MPa, radon gas migrates upward average velocity: 
-60.91 10 /V m s  
The degree of vacuum-0.06MPa, radon gas migrates downward the average velocity: 
-62.77 10 /V m s  
The experimental device length limited only short distances instead of long-distance, and the 
measurement t error is relatively large. So the results can only be estimated as a reference. 
5. Conclusions 
The migration of radon gas at low pressures still do not comply with Fick's law, in uneven distribution 
of radon gas in the closed non-convection device, a significant upward trend. 
Under normal pressure, the overall direction of migration of radon gas is up. Atmospheric pressure, 
degree of vacuum -0.04MPa, the degree of vacuum -0.05MPa, vacuum -0.06MPa comparison of the four 
states, we found that as the pressure increases, the peak position of increasing distance from the radon 
source. This phenomenon indicates that the cumulative time is the same pressure the greater the radon 
migration faster, atmospheric pressure migration velocity have a maximum speed. 
Through the estimate of the average speed of radon gas in the gas pressure, obtained the greater the 
pressure the greater the upward migration of radon gas speed, the greater the downward migration rate of 
the pressure the smaller the radon gas. According to the derivation of the formula, we estimate the radon 
and progeny migration average speed: upward migration of the average speed of 1.02×10-6m/s at 
atmospheric pressure, the downward movement of the average speed of 2.08×10-6m/s. Under low 
pressure (vacuum degree of upward migration of radon -0.06MPa) average speed of 0.91×10-6m/s, the 
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downward movement of the average speed of 2.77×10-6m/s. The compliance of data and the literature [9] 
measurements is good. 
Based on the above conclusions can be drawn: during the experiment, the radon migration from 
outside airstream, and still be able to migrate upward in the proportion of larger-than-air case, the 
underlying causes of radon, I infer the proliferation of nanoparticles and clusters migration vector 
synthesis of the results. 
There are many inadequacies in the test, especially laboratory equipment and experimental 
environment did not achieve the ideal standard to be achieved, so that the experimental results there are a 
lot of human error. But the whole experiment is to explore the reasons for the real migration of radon in 
the air again. The paper is wrong or fallacious at, please expert criticism. 
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